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Abstract
This paper provides an integrated study on the land eco-economic system. Applying emergy analysis 
method, we use Chinese county-wide of year 1996, 2000, 2004 and 2008 to calculate the renewable 
support area, synchronal support area, and capability of support area in view of temporal and spatial 
variations at county level in China. Spatially, the overall patterns of RSA, RRA and CSA are uneven in 
different parts. East region has higher values than west region, also associated with wider changes in the 
procedure of environmental development. Temporally, overall trends do not stabilize. The three study 
periods (1996-2000, 2000-2004 and 2004-2008) have different transition styles. RSA, SSA and CSA 
increase from 1996 to 2000, and decrease from 2000 to 2004. From 2004 to 2008, all items increase again 
and exceeded the values in 2000. In general, the lower and upper bounds to local environments for 
economic developments become stricter and need a larger quantity of areas to support local developments. 
Moreover, the driving forces of RSA vary significantly across provinces due to diversities of geographic 
features and economic development levels. Much more work needs to be done to cope with the 
forthcoming dramatic changes associated with land eco-economic system from the points of 
environmental pressure in China.
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1. Introduction
Land is an integrative system which includes the reciprocity and interaction between the 
environmental factors and human activities. Being a complex eco-economic system, land refers to many 
parts such as nature, economy and social. In recent years, human activities influence land use and land 
cover change heavily and dramatically in China, especially in rural areas. China's county-level area is 
characterized as an agricultural and rural-central eco-economic system, and the forces of nature and 
natural resources work directly into the primary processing and utilization. In order to promote its own 
ordering, land ecosystem depends on both the ecological environmental energy and material inputs, such 
as sunlight, wind, water and soil, and the purchased external economic inputs, such as fertilizers, 
pesticides, fuels, electricity, mechanical equipment and some other industrial products, and also exists 
energy and material microcirculation within the system.
Since county level is a basic unit for territorial study on the development of population, resources and 
environment, which is the key area of state regional development strategy, study on county-level has great 
theoretical and practical significance in terms of social and economic steady and coordinating 
development, making the most of local integrated advantages. In addition, time-series based analysis of 
these shall shed light on both overall evolvement trends and regional variations. During the period 1996-
2008, due to accelerated industrialization and urbanization, rapid land eco-economic system change has 
taken place in China. In this paper, an emergy-based spatial modeling of empower density and 
environmental loading analysis is presented for land eco-economic system at county level in China from 
1996 to 2008, aiming at a clear understanding of not only the determined areas necessary for 
environmental support of processes, but also a well-grounded prospect of regional coordinate 
development with respect to sustainability.
2. Methods and data
As a combination of energetic[1] and systems ecology[2], ePHUJ\ZDV¿UVWSUHVHQWHG in 1983 by Odum.
To evaluate quality of resources in the dynamics of complex systems, HPHUJ\LVGH¿QHGDVWKHVXPRIDOO
inputs of energy directly or indirectly required by a process to provide a given product when the inputs 
are expressed in the same form (or type) of energy, usually solar emergy. Environmental loading ratio is 
defined by the ratio of nonrenewable emergy to renewable emergy for a land use type and has been 
termed the “Environmental Loading Ratio(ELR)”.
Based on the areal empower density, Renewable Support Area (RSA) is derived by dividing the total 
emergy input to a process by the average renewable empower density of the region in which it is located 
as follows:
( ) /j jRSA F NR REmpD  (1)
Where,
RSAj = Renewable support area of land use j (hectares/hectare)
F = Purchased inputs (sej/hectare/yr)
NR = Nonrenewable inputs (sej/hectare/yr)
REmpDj = Renewable empower land density use j (sej/hectare/yr)
The SSA is calculated as follows:
( ) / ( * )j j rSSA F NR REmpD ELR  (2)
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Where,
SSAj = Synchronal support area of land use j (hectares/hectare)
the RSA and SSA respectively provide lower and upper bounds to local environments for economic 
developments. Because RSA is calculated under the strictest bound to environment, the value of RSA is 
greater than SSA, which means the largest area to support one place to survive.
Capability of Support Area (CSA) is defined by RSA subtract SSA, which means the capability to 
allow variation amplitude within administrative districts, similarly as the definition of ecological 
amplitude and ecological valence.
For this study, we use 4 years (1996, 2000, 2004 and 2008) land use statistical data at county level 
produced by China Land Survey Planning Institute and population data produced by China Public 
Security Management Bureau. The classifications of land use and cover are followed by the Land 
Administration Law of the Peoples Republic of China. According to the research results of M.T. Brown[3],
we subdivide these three classifications and modify those into 12 subdivisions which match the 
classifications in previous research. After data preprocessing for improving the accuracy, we determine 
RSA and SSA at county level in China (Table.1). The first column lists renewable areal support area per 
area and the second column lists synchronal support area per area of land use (hectares/hectare). Global 
emergy base refers to 15.83E24 sej/yr[4]. Data of Waiwan Province and Lunggar, Yanjing, Putog, Toba
and Sinda counties in Tibet is missing.
3. Results
3.1 Regional characteristics of China’s RSA, SSA and CSA
Our analysis is initiated by overall based on the average values of RSA, SSA and CSA for 1996-2008.
Spatial structures show significant regional differences in each item, while three figures present similar 
structures. RSA, SSA and CSA are lower in the northwest than those in other parts on average, and show
a gradual increase from the west to the east. As a whole, east region has higher RSA and SSA values than 
west region, especially in the well developed regions, such as east coastal regions, North China Plain,
Sichuan basin, Pearl and Yangtze River delta. Determined to CSA, these regions are also associated with 
wider changes in the procedure of environmental development.
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Fig.1. Results of China’s RSA (A), SSA (B) and CSA (C) at county level
3.2 General trends of China’s RSA, SSA and CSA
The overall trends are reviewed based on the time series data (Table.2). All the means of RSA, SSA 
and CSA increase from 1996 to 2000, and decrease from 2000 to 2004. From 2004 to 2008, all items 
increase again and exceeded the values in 2000. In general, the lower and upper bounds to local 
environments for economic developments become stricter and need a more quantity of areas to support 
local developments.
Table.1 Rate of change of RSA in China for 1996-2008
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Rate% Numbers Numbers% Area(104 km2) Area%
< -20%
-20% - 5%
37
195
1.71
9.02
76.82
165.33
8.11
17.45
-5% - 5% 1042 48.22 509.80 53.82
5% - 20% 646 29.89 152.67 16.12
> 20% 241 11.15 42.67 4.50
To further investigate the regional temporal pattern variances of RSA, Getis-Ord (Gi*) local statistic 
for hot spot analysis is used for estimating the hot and cold regions. Under 95% confidence interval,
69.31% areas of China put up spatial clustering. Under confidence interval of 99%, 52.98% areas have 
strong significant spatial relationships. Southeast coastal area is a high value cluster region. Except 
Sichuan Basin, northern Xinjiang, west Qinghai, north Inner-Mongolia and the edge of southeast coastal 
area, other parts are all low values region. Compared to the results of RSA, apart from North China Plain,
high values of RSA are related with rapid increasing rate and are inclined to aggregation.
Table.2 Spatial statistics of rate change of RSA in China for 1996-2008
Std.Dev P-value Numbers Numbers% Area(104 km2) Area%
<-2.58 Std.Dev <0.001 1095 50.67 446.36 47.12
-2.58 - -1.96 Std.Dev 0.001-0.05 240 11.11 151.38 15.98
-1.96 - -1.65 Std.Dev 0.05-0.10 97 4.49 61.62 6.51
-1.65 – 1.65 Std.Dev 0.10-0.50 406 18.79 227.69 24.04
1.65 – 1.96 Std.Dev 0.05-0.10 9 0.42 1.40 0.15
1.96 – 2.58 Std.Dev 0.001-0.05 13 0.60 3.34 0.35
>2.58 Std.Dev <0.001 301 13.93 55.48 5.86
98 Y. Gao et al. / Procedia Environmental Sciences 3 (2011) 93–98
Fig.2. Gi*’s Z score of rate of change in RSA at county level from 1996 to 2008
4. Conclusions and discussions
As mentioned, emergy analysis is a suitable integration to act as second-law efficiency metric. Being a 
bridge between human and nature. This paper is an application in China based on improving of previous 
researchers’ work. Based on the analysis of available land use and population statistical data at county 
level from 1996 to 2008, the RSA, SSA and CSA in China are explored from the perspective of spatial 
and temporal variations. 
Spatially, the overall patterns of RSA, RRA and CSA are uneven in different parts. RSA, SSA and 
CSA are lower in the northwest than those in other parts on average.
Temporally, overall trends do not stabilize. The three study periods (1996-2000, 2000-2004 and 2004-
2008) have different transition styles.
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